The technique of pressure-infiltrated antimony in porous graphite can produce sophisticated graphite seal materials. A single batch of samples of graphite/antimony matrix exhibits the differences and disparity in impregnation technology among products manufactured in the US, Japan, and China. In this study, a comprehensive analysis is conducted on the appearance, metallographic microstructure, and physical properties of these graphite/antimony composites. The results indicate that the technology of vacuum pumping before exerting high pressure has been adopted in Japan; this technique is key to removing the isopiestic layer caused by the sheer exertion of high pressure. A method has been proposed by American research where alloying is performed to raise the impregnation rate of large-scale, porous matrix by enhancing the fluidity of molten metal. However, this method cannot eliminate the air's shrinkage cavity and back-pressure and is therefore unable to achieve adequate, comprehensive performance. In China, a technological bottleneck should be investigated to improve the impregnation technology of vacuum pumping before exerting high pressure.
INTRODUCTION
Graphite impregnated by metal is widely applied in areas such as machinery, instruments, metallurgy, electronics, petroleum, chemical engineering, automobiles, aviation, environmental protection, ships, and nuclear power [1] [2] . The performance of graphite/antimony composites varies with the restraint of matrix formulation, pore structure, impregnant, and the impregnation process [3] [4] [5] [6] . To meet the clean power industry's increasing demand for photovoltaic nuclear power, the Toyo Tanso corporation plans to adjust strategic construction and to reach an international agreement on graphite/antimony composites used as sealing materials. Consequently, it is necessary for research to be conducted comparing the performance of various graphite/ antimony composites and evaluating the technology of the same types of products from a variety of countries.
Toyo Tanso selected two other corporations from America and China, each with the best technology in its home country, to conduct a comprehensive comparison of the performance of graphite/antimony composites. This investigation was conducted in July of 2009. To avoid any undue influence from different formulations and pore structures on infiltration, all matrix were provided by Toyo Tanso, including: KC-5709 with the specifications of φ153x φ60 x 100mm and φ93 x100mm; KC-6709 with the specifications of φ148×φ60×100mm and φ85×100mm; and IKC-6809 with the specifications of φ120×φ30×100mm and φ90×100mm.
In fact, innovation in the new material field is difficult due to the confidentiality surrounding formulation and technology. Research is needed to enable the production of high-quality graphite composites and for all countries to catch up with the most advanced international standards. Additionally, it is important to stop the over-supplying of primary products, the unstable quality of intermediate products, the shortage of advanced products, and the import of advanced as well as primary products. We are particularly interested in remediating over-reliance on foreign exports in high-quality, anti-abrasion sealing materials in the defense and nuclear power industries. Therefore, the gap between China and other countries should be understood and analysed. Eventually, this gap must be eliminated in order to satisfy the demands of national scientific and technological development [7] [8] . This paper aims to investigate the technological process of impregnation as it is used in different countries through a comparison of graphite/antimony composites' materials.
COMPARISON OF LOCAL VERSUS FOREIGN GRAPHITE/ANTIMONY COMPOSITES
Graphite is a versatile material that can be either porous or highly dense, depending on the processing method that is used. Impregnation is applied to fill any pores, a method that can solve graphite's air tightness and strengthen its mechanical properties to resist high temperature, abrasion, and corrosion. Once this is done, graphite can function as a sealing material. Specifically, graphite impregnated by metals is fit for use with oil-free components and in abrasive environments at high and low temperature, where general lubricating methods are not available [9] [10] [11] . This paper's section outlines the comparisons we performed of the appearance, impregnation rate, microstructure, and mechanical properties of graphite/antimony composites.
The impregnating rate
The impregnating rate refers to the percentage of mass increment after antimony has been infiltrated. The higher the impregnation rate, the better the antimony impregnation process works [12] . Since the densities of the two matrixes of KC-5709 and KC-6709 are very close prior to infiltration, their pore configurations are similar. The density of KC-5709 before infiltrating is relatively higher, and so its pore configuration is smaller. Fig. 1 presents the comparison of the impregnation rate of graphite/antimony, indicating that there is little difference among the three countries. Moreover, we can see that the thicknesses of the hollow cylinders of φ153×φ60×100 and φ148×φ60×100 are 45mm and 44mm, belonging to the small-size matrix. Consequently, the three studied countries' impregnation technologies are capable of gaining satisfactory impregnation rates, with only minor differences. The impregnation rates of American products are, respectively, 27.6% and 29.0%, or 1% higher than those from Japan and 3.5% higher than those from China. For the two solid cylinders of φ85×100 and φ93×100, the impregnation rate differences are more noticeable. A size increase directly contributes to a lowering of the impregnation rate. The impregnation of samples from America drops from 29.7% to 18.1%, 29.9% to 22.1% from Japan, and 27.1% to 17.7% from China. Diameter increases by 9.4% and the impregnation rate drops by more than 25%, indicating that impregnation differences of larger-scale matrix are greater under conditions of similar density, both before infiltrating and with similar pore configurations. The impregnation rate of φ93×100mm solid cylinders is the highest in Japan. [US]
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Comparison of the impregnation rate of graphite/antimony and 6.0, 0.4, 0.8, 1.1, and 10.6%, respectively. There is a 1.6% content of tin, and the total contents of tin and antimony in American graphite/antimony are lower than the contents of antimony in graphite/antimony from Japan and China. American graphite/antimony, more specifically, should be called graphite/antimony-tin composite.
Mechanical Properties
The graphite matrix's framework keeps its original microstructure after infiltration [13] . An adequate infiltration technique should make antimony fill all percolation pores in the graphite. Moreover, the distribution of antimony should display a homogenous and tight mesh structure [14] [15] . The second percolation of melting antimony is directly affected by the constitution of submicron percolation paths, which are the pores' parts in the graphite matrix. Properly controlled antimony infiltration can raise the second percolation's impregnation rate, thereby achieving an ideal micro-structure and advanced mechanical properties for new graphite/antimony composites [16] . Fig. 2 shows the microstructures of graphite/antimony composites from various countries. Differences in the physical properties of graphite/antimony directly represent the level of technology available through antimony infiltration. compressive strength fail to reach the standard. Consequently, the mechanical properties of Chinese IKC-6809 failed to reach the standard.
Investigation of the technology of pressure-infiltrated antimony in porous graphite
The graphite matrix's void and percolation constitutions are the most basic features that can guarantee the material quality of graphite/antimony. The process is called the first percolation. Graphite/antimony preparation is the critical technique to guarantee uniform infiltration and to obtain high performing graphite/antimony (this process is called the second percolation). Prior to infiltration, the matrixes are the products of the first percolation, while graphite/antimony is the product of the second percolation. The porous graphite's connected micro-pores with uniform distribution are essential for obtaining a superior wear performance after Sb infiltration. Due to the presence of micro-pores, it is difficult for the melting antimony to uniformly infiltrate all connected pores to each other. The second percolation process should be conducted in accordance with pore constitution in the first percolation's matrix. Therefore, using the same second percolation technology without taking into account the matrix constitution will lead to different second percolation products.
The major contribution of this work is the investigation of the disparity in impregnation processes between three different countries. The Japanese products exhibit an evident advantage not only in their shape, elements, impregnation rate, and micro-structure, but also in their mechanical properties. This is because the impregnation process of Japanese products has adopted the method of exerting pressure only after vacuum pumping. We may conclude that the disappearance of isobaric level, the longitudinal profile, and a cross-section with no colour difference cannot be realized via the technology of positive pressure impregnation. Fig. 3 shows the longitudinal profile in the middle of the specimen's height. The annular colour difference near the middle is the isotonic layer. During the process, an area forms inside the graphite matrix where air contracts and high pressure fills the pores that make up the isotonic layer. This layer holds back the flow of melting antimony, Table. 2: General physical properties of graphite/antimony composites whose existence is adverse for the metal filling. Therefore, the material's mechanical property is reduced due to the increase in back-pressure. The isotonic layer is potentially very thick in large-scale materials. The isotonic layers in the American and Chinese graphite/antimony samples are quite evident, indicating that the method of antimony impregnation under high-pressure and high-temperature is still adopted in both countries. The Japanese samples are uniformly coloured and devoid of isotonic layers, indicating that the air inside the graphite has been pumped before the high pressure had a chance to fill in the pores. Because air inside the graphite does not contract and there is no back-pressure, it is quite easy for the melting antimony to fill most pores, including micro-pores. The only way to solve the problem of back-pressure and incomplete impregnation is to conduct vacuum pumping as the first step in the impregnation process. Many technological improvements and trials have been conducted, all limited by the discontinuity between vacuum pumping and high pressure exertion. The near-perfection of Japanese graphite/ antimony materials must inspire us to reverse the process of conducting vacuum first during impregnation. Although China and America have adopted the method of exerting pressure during impregnation, the impregnating graphite/antimony-tin composite has been used by America to enhance the fluidity of molten metal. The enhancement of molten metal fluidity can contribute to uniform impregnation and higher impregnating rates. For example, for IKC-6809 with specifications φ120×φ30×100 mm and φ90×100mm, the impregnation rate in the American sample reaches 52.7% and 49.1%. This is very close to the 58.1% and 58.4% of the Japanese samples, which were formed by conducting vacuum pumping before exerting high pressure. Although the Chinese samples have adopted the same technology as that of the American samples, the Chinese samples' impregnation rates are only 29.8% and 33.7%. In addition, there are certain disadvantages that come with enhancing molten metal fluidity. Reverse osmosis in the American samples is quite severe. Moreover, the material's mechanical properties are weakened by the addition of tin. Comparing with IKC-6809, it can be found that the impregnation rates of American and Japanese samples from America are similar, but that a huge disparity in electrical resistance, compressive strength, and flexural strength exists.
For IKC-6809, which features high porosity and a complicated pore structure, the impregnation effect is relatively poor in Chinese samples with impregnation rates of only 29.8% and 33.7%. 40% of these are lower than American and Japanese samples due to the same impregnating process with KC-5709 and KC-6709. Additional research indicates that pores are sufficiently filled when pore size is larger than 1μm. The accumulative pore volumes are very low in American and Japanese samples, indicating that even micro-pores can be properly filled. But in the Chinese samples, the accumulative pore volume grows rapidly with a decrease in pore size, reaching over 25% when the pore volume is smaller than 0.1μm (see Fig. 4 ). In short, the impregnation process of vacuum pumping prior to pressure exertion (as used in Japan) achieves superior impregnation effects for IKC-6809. Meanwhile, the American method of adding graphite/antimony-tin composite to enhance the fluidity of molten metal has also achieved satisfactory impregnation effects.
CONCLUSIONS
The observable differences in graphite/antimony produced by the same batch of porous graphite samples demonstrate the disparity in impregnation technology among products manufactured in the US, Japan, and China.
This study features a comprehensive analysis on the appearance, composite, metallographic microstructure, and mechanical properties of these graphite/antimony composite samples. Results obtained indicate that the technology of conducting vacuum pumping prior to exerting high pressure has been adopted in Japan. This particular method can be used to remove the isotonic layer caused by sheer exertion of high pressure. The method proposed by American researchers, where the fluidity of molten metal is enhanced by alloying the impregnation, is unable to eliminate the shrinkage of pores and the back-pressure of air. Therefore, this method does not achieve good overall performance. In China, technological issues can be resolved by adopting the impregnation technology of conducting vacuum pumping before the exertion of high pressure. 
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